INTRODUCTION
============

About 17.9 million people die yearly from cardiovascular diseases across the world.^[@B1]^ Some cardiovascular deaths are the result of arrhythmias. The majority of cardiac arrests are attributed to malignant cardiac arrhythmias and heart rhythm problems that are common reason for admission to intensive care units (ICUs).^[@B2]^ The QTc prolongation is a consequence of delayed ventricular repolarization and may lead to a potentially life-threatening arrhythmia, torsade de pointes (Tdp).^[@B3]^

Drug therapy is the most common cause of QTc prolongation.^[@B4]^ Several antiarrhythmic agents, fluoroquinolones, phenothiazine antipsychotics, butyrophenones, macrolides, antihistamines, and tricyclic antidepressants are known to prolong QTc interval.^[@B5]^ All drugs prolonging the QTc interval act directly on ion channels of myocytes or indirectly reduce the elimination of QTc-prolonging drugs by affecting hepatic metabolism.^[@B6]^ Despite the risk of QTc prolongation by these medications, they are commonly prescribed by physicians without increased vigilance.^[@B7]^ In the last decade, drug-induced QTc prolongation is one of the most common causes of relabeling or removing medications from the markets.^[@B8]^

Risk factors for QTc prolongation and Tdp are female sex, old age, cardiac disease, electrolyte abnormalities, diabetes mellitus type II, thyroid disease, and bradycardia.^[@B9],[@B10]^ Females are at higher risk of developing QTc prolongation than males; this is probably because estrogen lengthens the QTc interval and testosterone shortens it.^[@B11],[@B12]^ Patients with older age are at higher risk of QTc prolongation, which may be relevant to decreasing sex hormones.^[@B13],[@B14]^ Hyperglycemia has an effect on cardiac repolarization and may contribute to a longer QTc interval or cardiac arrhythmia.^[@B15],[@B16]^ The QTc intervals normally shorten with tachycardia and lengthen with bradycardia. Therefore, bradycardia is a risk factor for developing QTc prolongation.^[@B5]^

Critically ill patients are more prone to develop QTc prolongation during ICU stay because of exposure to various risk factors and administration of QT-prolonging drugs.^[@B17]^ Awareness of risk factors and prevention of QTc prolongation are very important in ICU patients to avoid hospital deaths.^[@B18]^ In other words, identifying patients with high risk of QTc prolongation and avoidance of administration of QT-prolonging drugs or occurrence of drug--drug interactions are simple and cost-effective way of decreasing hospital mortality.^[@B19]^

Although QTc prolongation in ICU patients is an important issue of the study, a paucity of information is available concerning the incidence and predictors of QTc prolongation in different days of ICU admission.^[@B7]^ Moreover, only few studies are available that follow patients until the point of discharged from ICU, and little research has been conducted in emergency ICU. Therefore, current study was designed to identify the incidence and predictors of QTc interval prolongation during hospitalization in MICU, SICU, and EICU. Patients with normal and prolonged QTc intervals were also compared in terms of clinical characteristics and risk factors of QTc prolongation. All patients with QTc prolongation were followed during their hospital stay.

MATERIALS AND METHODS
=====================

Study Design
------------

This prospective observational study was conducted for 6 months in National Research Institute of Tuberculosis and Lung Diseases (NRITLD), an affiliated university center for education, research, and therapy. The study protocol was approved by the ethical review board of NRITLD. Patients above the age of 18 who were admitted to MICU, SICU, and EICU were included in the study. Patients with pacemaker or paced rhythms, history of long QT syndromes, discharge from ICU in less than 24 hours, or no follow-up ECG were excluded from the study. All patients were evaluated with a 12-lead ECG on day 1, 3, and 5 of admission in ICU. If the ICU admission prolonged more than 5 days, patients were monitored by ECG every 5 days thereafter. All patients with QTc prolongation were followed regarding ECG abnormalities during hospital stay.

Measurement and Calculation of QTc Interval
-------------------------------------------

The QTc intervals were measured from beginning of Q to the end of T wave.^[@B20]^ The U wave was not included in the measurement of QTc interval in our study.^[@B7]^ Heart rate affects the QT interval, and various correction formulas are used to normalize it.^[@B21]^ Bazett\'s formula is the most common ones used by physicians for correction of QT interval. However, overestimation is under debate as the heart rate deviates from 60 beats/minute.^[@B22]^ It has been shown that Hodges formula is the best choice for correction of QT interval.^[@B23]^ Therefore, the formula used for calculation of corrected QTc interval was Hodges \[QTc = QT + 1.75 (HR − 60)\].

The QTc intervals \>460 ms in male and \>470 ms in female and increased \>60 ms above baseline (day 1 of ICU admission) were considered QTc prolongation.^[@B24]^

Data Collection
---------------

The following information was collected for the patients: baseline demographics, medications, age, laboratory findings, acute physiologic and chronic health evaluation (APACHE II), and the duration of hospitalization. In addition, risk factors for QTc prolongation including hypokalemia, hypocalcemia, hypomagnesemia, bradycardia, congestive heart failure, female gender, kidney or liver disease, thyroid disorders, diabetes mellitus, arrhythmia, cerebral aneurysm, left ventricular ejection fraction of less than 45% (LVEF \<45%), coronary artery disease, pulmonary embolism, deep vein thrombosis (DVT), valvular heart disease, infections, chronic obstructive pulmonary disease, history of stroke or myocardial infarction, surgery, percutaneous coronary intervention (PCI), hypertension, smoking, and alcohol consumption were gathered for each patient.^[@B9],[@B10]^ The International Classification of Diseases, 10th edition (ICD-10) was used to classify the reason of admission to the ICUs.^[@B25]^

Medications with QTc Prolongation Effects
-----------------------------------------

All medications administered to the patients were categorized in terms of QTc prolongation potency based on the information from CredibleMeds website. This website categorizes drugs into a broad range based on predisposing risk of QTc prolongation or Tdp. Drugs in known risk category prolong the QTc interval and are evidently associated with Tdp, even they are taken as recommended. Drugs in possible risk category can cause QT prolongation but presently there is little evidence for a risk of Tdp when used as recommended. Drugs in conditional risk category can cause QTc prolongation and Tdp only under specified conditions of their use. Drugs in special risk (SR) category do not prolong the QT interval *per se* but have an SR for QTc prolongation because of their other actions.^[@B26]^

Statistical Analysis
--------------------

Statistical analyzes were performed using SPSS version 21. Comparative analysis was done between two groups of patients (patients with QTc prolongation and patients with normal QTc interval) on days 1, 3, and 5 of ICU admission. Chi-square and *t* tests were used for categorical and quantitative variables, respectively. Logistic regression models were carried out to calculate the relationship between QTc prolongation and predictors. The *p* value ≤0.05 was considered statistically significant.

RESULTS
=======

Baseline Characteristics of Patients
------------------------------------

Two hundred consecutive patients admitted to the MICU, SICU, and EICU were included in this study. Clinical characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. The most common cause of admission was diseases of the respiratory system. The mean age of study population was 59.8 ± 17.9 years. The mean baseline QTc of patients was 410.5 ± 36.5 ms.

Incidence of QTc Prolongation on Different Days
-----------------------------------------------

An increasing trend was observed in the incidence of QTc prolongation with increasing length of ICU stay. Incidence of QTc prolongation at ICU admission was 6.5%. Prolongation of the QTc interval was observed in 9.8% of patients on day 3. On day 5 of ICU admission, 15.7% of patients had prolonged QTc interval. Forty-four patients stayed in the ICUs more than 5 days and the incidence of QTc prolongation was approximately 20% in these patients.

###### 

Characteristics of patients admitted to the ICUs

  -------------------------------------------------------------------------------------------- --------------
  N included                                                                                   200
  Mean age (years) ± SD                                                                        59.8 ± 17.9
  Mean weight (kg)                                                                             71.2 ± 16.0
  Males (%)                                                                                    59
  Baseline QTc ± SD (ms)                                                                       410.5 ± 36.5
  Mean APACHE II score                                                                         17.9 ± 5.1
  History of smoking (%)                                                                       26%
  Reason of ICU admission                                                                      
    Diseases of the respiratory system                                                         38%
    Diseases of circulatory system                                                             19%
    Neoplasms                                                                                  16.5%
    Injury, poisoning, and certain other consequences of external causes                       10%
    Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified   4.5%
    Certain infectious and parasitic diseases                                                  4%
    Others                                                                                     8%
  -------------------------------------------------------------------------------------------- --------------

ICU, intensive care unit; SD, standard deviation; kg, kilogram; APACHE II, acute physiologic and chronic health evaluation

Comparison of the Two Groups and Assessment of QTc Prolongation Predictors on Day 1 of ICU Admission
----------------------------------------------------------------------------------------------------

Among 200 patients who were admitted to the ICUs, 13 patients (6.5%) had prolonged QTc interval and 187 patients (93.5%) had normal QTc interval ([Flowchart 1](#F1){ref-type="fig"}). All patients with prolonged and normal QTc interval were compared in terms of the risk factors for QTc prolongation. Significant differences were observed between the two groups of patients with respect to low hematocrit (HCT), history of hypertension, PCI, LVEF \<45%, history of mitral regurgitation (MR), alcohol addiction, and ICU admission because of injury, poisoning, and certain other consequences of external causes ([Table 2](#T2){ref-type="table"}). Logistic regression univariate analysis demonstrated a significant association of QTc prolongation with low HCT, history of PCI, LVEF \<45%, history of MR, ICU admission because of injury, poisoning, and certain other consequences of external causes. From the univariate analysis, those variables with significant *p* values were included in the logistic regression model for multivariate analysis. History of alcohol addiction and ICU admission due to injury, poisoning, and certain other consequences of external causes were independently associated with QTc prolongation at a statistically significant level ([Table 3](#T3){ref-type="table"}).

Comparison of the Two Groups and Assessment of QTc Prolongation Predictors on day 3 of ICU Admission
----------------------------------------------------------------------------------------------------

According to [Flowchart 2](#F2){ref-type="fig"}, QTc prolongation was observed in 17 patients (9.8%) and 156 patients (90.2%) had normal QTc interval on day 3 of ICU admission.

![Patients included in the study on day 1 of intensive care unit admission](ijccm-24-270-g001){#F1}

Patients with prolonged and normal QTc interval were compared in terms of risk factors for QTc prolongation and all prescribed medications with QTc-prolongation effect. Azithromycin administration was significantly higher in patients with QTc prolongation compared to other patients ([Table 4](#T4){ref-type="table"}). It was not significantly different between the two groups of patients in terms of other risk factors and administered drugs. Univariate analysis demonstrated a significant association between administration of azithromycin and QTc prolongation on day 3 of ICU admission ([Table 5](#T5){ref-type="table"}).

Comparison of the Two Groups and Assessment of QTc Prolongation Predictors on Day 5 of ICU Admission
----------------------------------------------------------------------------------------------------

Among 121 patients, QTc prolongation were observed in 19 patients (15.7%; [Flowchart 3](#F3){ref-type="fig"}). Creatinine level above 1.3 mg/dL and hospitalization in EICU was significantly different between patients with QTc prolongation compared to other patients 5 days after ICU hospitalization ([Table 6](#T6){ref-type="table"}). High serum creatinine and hospitalization in EICU had statistically significant association with QTc prolongation. Both risk factors were entered into multivariate analysis. They were independently associated with QTc prolongation on day 5 at a statistically significant level ([Table 7](#T7){ref-type="table"}).

###### 

Comparison of patients with QTc prolongation and patients with normal QT interval on day 1

  *Patient characteristics*                                              *QTc interval prolongation (%)*   *Normal QTc interval (%)*   *p value*
  ---------------------------------------------------------------------- --------------------------------- --------------------------- -----------
  Low HCT (\<36%)                                                        76.9                              42.3                          0.02
  Hypertension                                                           61.5                              33.7                          0.04
  PCI                                                                    23.1                                5.3                         0.01
  LVEF \<45%                                                             30.8                              10.7                          0.03
  PVC                                                                      7.7                               0.5                         0.01
  MR                                                                     15.4                                1.1                       \<0.001
  Alcohol abuser                                                           7.7                               0.5                         0.01
  Injury, poisoning, and certain other consequences of external causes   38.5                                8                         \<0.001

HCT, hematocrit; PCI, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; PVCs, premature ventricular contractions; MR, mitral regurgitation.

###### 

Logistic regression for predictors of QTc prolongation on the first day of ICU admission

                                                                        *Univariate analysis*   *Multivariate analysis*                                      
  --------------------------------------------------------------------- ----------------------- ------------------------- ----------------- ------- -------- ------------------
  Low HCT                                                               0.03                      4.56                    (1.21 ± 17.10)    0.06      4.99   (0.93 ± 26.68)
  Hypertension                                                          0.05                      3.15                    (0.99 ± 10.02)    0.12      0.33   (0.08 ± 1.32)
  PCI                                                                   0.02                      5.31                    (1.26 ± 22.39)    0.17      0.23   (0.03 ± 1.87)
  LVEF \<45%                                                            0.04                      3.71                    (1.05 ± 13.16)    0.25      0.35   (0.06 ± 2.07)
  PVC                                                                   0.06                    15.50                     (0.91 ± 263.34)   0.09      0.07   (0.003 ± 1.46)
  MR                                                                    0.01                    16.81                     (2.16 ± 130.93)   0.09      9.93   (0.68 ± 145.73)
  Alcohol abuser                                                        0.05                    15.50                     (0.91 ± 263.34)   0.01    71.30    (2.85 ± 1784.32)
  Injury, poisoning, and certain other consequences of external cause   0.002                     7.17                    (2.08 ± 24.66)    0.004   10.13    (2.05 ± 49.95)

HCT, hematocrit; PCI, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; PVCs, premature ventricular contractions; MR, mitral regurgitation; OR, odds ratio; CI, confidence interval

![Patients included in the study on day 3 of intensive care unit admission](ijccm-24-270-g002){#F2}

![Patients included in the study on day 5 of intensive care unit admission](ijccm-24-270-g003){#F3}

###### 

Comparison of patients with QTc prolongation and patients with normal QT interval on day 3

  *Patient characteristics*   *QTc interval prolongation (n = 17/173 = 9.8%)*   *No QTc interval prolongation (n = 156/173 = 90.2%)*   *p value*
  --------------------------- ------------------------------------------------- ------------------------------------------------------ -----------
  Azithromycin                17.6%                                             2%                                                     0.001

###### 

Logistic regression for drugs and predictors of QTc prolongation on day 3 of intensive care unit admission

  *Variable*     *p value*   *OR*    *CI*
  -------------- ----------- ------- ----------------
  Azithromycin   0.006       10.93   (2.01 ± 59.30)

###### 

Comparison of patients with QTc prolongation and patients with normal QT interval on day 5

  *Patient characteristics*       *QTc interval prolongation (n = 19/121 = 15.7%)*   *No QTc interval prolongation (n = 102/121 = 84.3%)*   *p value*
  ------------------------------- -------------------------------------------------- ------------------------------------------------------ -----------
  High creatinine (\>1.3 mg/dL)   63.2%                                              34.3%                                                  0.02
  EICU                            57.9%                                              28.4%                                                  0.01

EICU, emergency intensive care unit

Adverse Outcome Associated with QTc Prolongation
------------------------------------------------

Patients with QTc prolongation were followed to determine clinical adverse outcomes. Six patients expired in QTc prolonged group. Among these, three patients died because of cardiac arrest without ventricular tachycardia. Two patients died after ventricular tachycardia and ventricular fibrillation. Another patient expired due to multiple organ failure. The resuscitation of these patients was not successful. Mortality rates were compared between the two groups (normal QTc vs prolonged QTc). Mortality rate was higher in patients with QTc prolongation, but this difference was not significant ([Table 8](#T8){ref-type="table"}).

DISCUSSION
==========

Current study showed that the incidence of QTc prolongation increased from 6.5 to 15.7% in ICUs patients during first 5 days of admission. The QTc prolongation was significantly associated with low HCT, history of PCI, LVEF \<45%, history of MR, ICU admission because of injury, poisoning, and certain other consequences of external causes on day 1 of ICU admission and before prescription of any drug in ICU. The APACHE II score, bradycardia, female gender, electrolyte abnormality, DVT, and other comorbidities were not associated with QTc prolongation at this point.

According to the current findings, QTc prolongation is associated with HCT \<35%. Recent studies revealed anemia can increase the risk of QTc prolongation.^[@B27]^ Low HCT can indicate insufficient supply of healthy red blood cells (anemia), large number of white blood cells because of long-term infection, lymphoma, or leukemia. Since low HCT is not the only predictor of anemia,^[@B28]^ our results cannot directly demonstrate the association of QTc prolongation with anemia. More studies are required to establish the importance of low HCT as a risk factor for QTc prolongation.

History of hypertension has been implicated as a risk factor for prolonged QTc interval. Some evidences indicate that hypertension may cause left ventricular hypertrophy that can increase the risk of QTc prolongation.^[@B29]^ In the current study, history of hypertension was significantly more frequent in patients with QTc prolongation; however, the association between QTc prolongation and history of hypertension was slightly below the level of significance (*p* value = 0.05; [Table 3](#T3){ref-type="table"}).

Few published data exist regarding the association between QTc prolongation and PCI. Some studies reported that post-PCI QTc interval was significantly longer than pre-PCI.^[@B30]^ History of PCI in the current study was associated with QTc prolongation. This finding shows that PCI may be a predictor of QTc prolongation. Our results also support that LVEF \<45% can increase the risk of QTc prolongation in ICUs. Therefore, another issue that should be considered in ICUs is the association of LVEF \<45% with QTc prolongation. Although there are few studies about the association between MR and QTc prolongation, current observation supports the fact that MR can be one of the risk factors for QTc prolongation. Chronic ischemic MR is related to increased risk of heart failure.^[@B31]^ It may be hypothesized that heart failure caused by chronic ischemic MR may lead to prolonged QTc interval.

The ICU admission because of injury, poisoning, and certain other consequences of external causes were associated with QTc prolongation. In the current study, patients hospitalized for coronary artery bypass grafting (80%), tracheal rapture (10%), and warfarin toxicity (5%) were classified in this category of diseases according to ICD-10.^[@B25]^ There are few published studies about the association between QTc prolongation and reason for ICU admission. Our finding shows that the reason of ICU admission can be a predictor of QTc prolongation. According to the above findings, the patients with risk factors that may lead to QTc prolongation on day 1 of ICU admission should be evaluated in terms of QTc interval particularly before prescribing any of QTc-prolonging drugs.

###### 

Logistic regression for drugs and predictors of QTc prolongation on day 5 of intensive care unit admission

                                  *Univariate analysis*   *Multivariate analysis*                                 
  ------------------------------- ----------------------- ------------------------- --------------- ------ ------ ---------------
  EICU                            0.02                    3.34                      (1.26 ± 9.45)   0.02   3.44   (1.23 ± 9.68)
  Creatinine high (\>1.3 mg/dL)   0.02                    3.28                      (1.19 ± 9.08)   0.03   3.27   (1.15 ± 9.29)

EICU, emergency intensive care unit

###### 

Comparison mortality of patients with QTc prolongation and patients with normal QT-interval during intensive care unit admission

  *Patient characteristics*   *QTc interval prolongation*   *No QTc interval prolongation*   *p value*
  --------------------------- ----------------------------- -------------------------------- -----------
  Mortality                   45.5%                         33.8%                            0.28

Several classes of medications that prolong the QTc interval including fluoroquinolones and macrolides were prescribed in the ICUs. The Tdp, prolongation of the QTc interval, and sudden death are well defined as undesirable effects of all macrolides.^[@B32]^ In addition, different case reports were published about arrhythmias induced by azithromycin from 2001 to 2007.^[@B33]^ In 2013, the US Food and Drug Administration also released a warning regarding the prescription of this medication.^[@B34]^ However, there is no enough information about this issue. In 2014, one study published about the association between the use of azithromycin and the risk of cardiac arrhythmia and death. In this study, follow-up times were separated into the first 5 days and days 6 through 10 after prescribing azithromycin. They found that azithromycin increased the risks of mortality and arrhythmia on days 1 to 5; however, the association between azithromycin and these adverse effects was not significant from day 6 to 10.^[@B35]^ The algorithm for prevention of QTc prolongation recommends evaluation of baseline 12 lead ECG for the patients with more than two risk factors of QTc prolongation and receiving azithromycin. If the QTc interval is prolonged, QTc should be monitored daily for at least 72 hours.^[@B36]^ Current results showed the association between QTc prolongation and administration of azithromycin on day 3 of ICU admission. According to this result, we recommend the assessment of benefits and risks of azithromycin therapy for each patient and QTc monitoring for at least 3 days of ICU admission.

One study demonstrated that serum creatinine is higher in patients with QTc prolongation compared with patients without QTc prolongation.^[@B37]^ Present results also demonstrated that high serum creatinine may increase the risk of QTc prolongation on 5 days of ICU admission. Although high serum creatinine level does not always represent the kidney disease, it may indicate a problem in elimination of drugs, resulting in increased level of unwanted drug concentrations and hence side effects and toxicities.^[@B38]^

There is scarce information about the QTc interval prolongation in patients admitted to EICU.^[@B39]^ Most of the research are conducted in MICU, SICU, or CCU. There is a hypothesis that the risk of QTc prolongation is higher in EICU because acutely ill patients with various comorbidities are admitted to the emergency department. In addition, patients in this department may present with the conditions such as drug overdose or other problems that may increase the risk of QTc prolongation.^[@B40]^ In the present study, QTc prolongation was associated with EICU admission. Physicians in EICU should be aware of medications with QTc-prolongation effect. They should also monitor patients with a history that may contribute to QTc prolongation.

Our study has some limitations. First, we only evaluated the drugs that were prescribed during ICU stay. In some cases reaching to the complete list of patient\'s medications before admission to the ICU is not practical. Therefore, we could not analyze the relationship between the medications received before ICU admission and QTc prolongation on day 1 of ICU admission. Another limitation of this study was that nearly one third of our patients did not have ECG on the fifth day ([Flowchart 3](#F3){ref-type="fig"}). A group of patients who were either discharged from ICUs or transferred to the ward were not followed and excluded (42 patients). Some patients died between day 3 and 5 (3 patients), while in some patients the ECG was not done since there was no indication to do the ECG (21 patients). Being an observational study, we could not get ECGs done for these patients. The third limitation was that we followed the patients who stayed in the ICU for more than 5 days. From 5th to 30th day of hospitalization, 44 patients remained in the ICUs. The incidence of QTc prolongation in these patients was evaluated; however, the predictors of QTc prolongation were not identified due to the low number of patients. We recommend conducting a study with a higher number of patients in the future.

CONCLUSION
==========

Incidence and predictors of QTc prolongation can be different based on the length of ICU stay. High-risk patients admitted to ICU should be monitored with ECG to reduce the risk of mortality due to life-threatening arrhythmia. Both patient\'s risk factors and medications that may lead to QTc prolongation in ICU should be assessed separately for the patients with different lengths of hospitalization stay.
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